Abstract.Recently, the dissemination and diffusion of mobile terminals having mobility such as the smart phone have greatly increased. Further, services that provide diverse contents to users in the Internet-based environment, such as video conferencing and VOD streaming services, are increasing. On the other hand, P2P streaming services in the wireless network environment, which is characterized by low cost and high efficiency compared to the existing wired system, are attracting attention. However, mobile devices have limitations in bandwidth and energy, and thus efficient P2P streaming system management is required. This study proposes a technique for constructing a mobile P2P multicast tree that considers the efficiency of limited energy by taking into account information about the access network of mobile nodes and information to be downloaded, in order to ensure the greater stability and higher reliability of P2P system.
Introduction
Recently, mobile P2P environment in which high-speed data transmission via diverse networks is made possible thanks to the development of various mobile technologies is attracting attention. This environment does not require additional cost for infrastructure construction, compared to the existing wired system, and has the advantages that overload concentrated at a particular server is distributed and that it can be used by many users [1] . Therefore, P2P streaming techniques are being suggested as new transmission architecture to solve the problems of high infra construction cost and the low extendability of the existing CDN (contents delivery system) [2] . On the other hand, mobile users are currently showing a great tendency to prefer media streaming services such as video conferencing and VOD. According to CISCO's networking trend data, it is forecast that in South Korea, Internet video is 59% of total mobile data traffic in 2014, and will increase up to 75% by 2019 [3] .Owing to their characteristics, however, mobile devices have limitations such as frequent join/ leave, mobility, bandwidth, and energy problem. Particularly, mobile devices with multiple wireless network interfaces have limited battery capacity. Therefore, it may be said that the energy efficiency of mobile devices is one of very important elements in terms of the stability and efficiency of the whole network [4] .In mobile P2P techniques, the parent node plays the central role of P2P communication because it has information about surrounding sub-nodes [5] . Disconnection of the parent node from surrounding sub-nodes due to mobility has bad effects on the stability of the whole network. The rapid mobility and speed of the parent node have a close connection with battery consumption as well as the reconfiguration problem of participating nodes.Therefore, this paper proposes a technique for constructing a network that ensures the enhanced stability and efficiency of the whole P2P network under the mobile P2P environment of overlay multicast tree structure, taking into account the access network and energy factor of sub-nodes.
Related works
The method of flooding a large amount of messages is used to search for a file or find a routing path in the MANET (mobile ad-hoc network) environment. However, the flooding method has been recognized as one of operations that use energy the most. Thus, various broadcast schemes that can save energy through limited flooding have been proposed [6] . Table 1 . Examples of broadcast schemes Probabilistic-based scheme A scheme that uses probabilistic concepts and limits paths for delivering messages Location-based scheme A scheme that uses location information like GPS to find a routing path Cluster-based scheme A scheme that divides all nodes, with a cluster as a unit, on the basis of graph theory, and conduct communication between nodes through the host node.
In the mobile P2P, communication between nodes is possible without any AP (access point). In Wi-Fi (802.11 wireless LAN) environment, however, there is no specific management policy to save energy. Thus, the user cannot but perform ON/OFF of Wi-Fi interface at a proper time in order to save energy. Thus, S.Miyake and M.Bandai [7] proposed mobile P2P communication that improves energy efficiency on the basis of the user's context. This study suggested a method that a device itself determines on wakeup or sleep, using the server-based model and the client-based model.
In addition, a technique was proposed that constructs the mobile P2P structure into two layers of the super-peer and the sub-peer [8] . This study suggests the following methods of 2-layer construction.
• MIS (maximal independent set) system: A system where random numbers are given to distributed peers, and then a number selected by each peer and the number of an adjacent node are compared, and a larger number becomes the super-peer.
• Energy-greedy system: A system that is similar to MIS, but applies the current remaining amount of peer's battery, not a random number.
A technique that replaces the super-peer whose energy is exhausted with a new super-peer among lower sub-peers, and research that changes the routing path accordingly were also proposed.
Proposal of the Mobile P2P Construction Technique Considering Energy Efficiency
In mobile P2P, important information needed to download streaming data includes the amount of data to be downloaded, the current battery capacity, and the transmission rate of network (failing to have the theoretical speed, but showing the actual speed according to local density, various interferences, and so on). In general, when selecting a node, it is an inefficient method to select simply a node whose battery has a high residual capacity. Sub-nodes are currently connected to networks of different transmission rates. Therefore, it is better to select a parent node having an appropriate remaining amount of battery in consideration of the size of downloads to be transmitted.The estimated download time of streaming data to be downloaded in Figure 1 is as shown in Expression 1. Expression 2 is an expression to find candidate nodes having a suitable remaining amount of battery. And Expression 3 is an expression to select a device of final choice. estimated_dn_time = DN q / (NT k * 8bit);
candidate_nodes ∈ { BA(estimated_dn_time) + BA(estimated_dn_time)*15% } (2) select_node = choose of MAX { candidate_nodes } (3) But since the mobile device in Expression (2) may not be in a situation that it can concentrate on downloading alone, about 15% of the battery capacity needed for downloading is calculated and allocated in addition. In Figure 1 , the ordinary greedy system selects as a child node MB having relatively more energy irrespective of the amount of DN q . To analyze the current situation as an example, however, let's suppose that DN q = 8MB, NT 1 = 10Mbps, and NT 2 = 1Mbps, and that BA A and BA B show reduction in energy of 1% per second, respectively, during downloading. The downloading time of M A is 6.4 seconds, and that of M B is 64 seconds. Therefore, in the case of Figure 1 , the selection of M A can avoid the re-configuration of a tree, and secure stable downloading. In case of selecting M B , however, 64 seconds are required Advanced Science and Technology Letters Vol.99 (ITCS 2015) for downloading, but the battery has the remaining amount of 50%, and thus complete downloading can't be guaranteed. That is, the remaining 50% is all consumed (this mobile leaves the network.) and the tree structure should be reorganized in order to download the amount equivalent to 14 seconds (sub-tree moving) and continue the streaming service. Candidate_nodes ∈ { MAX of Candidate_Battery[ ] }; // We will select the node with the most adequate battery for download. }
Performance Evaluation of the Proposed Model

Experimental Environment
In this section, we evaluate the random method, the energy-greedy method, and the proposed method through experiment. As for the method of evaluation, network lifetime was chosen. In addition, it is supposed that the types of internal information (routing table information, file search method, etc.) for the three methods are the same. Parameters used for the experiment are as shown in Table 2 .Data of peers composing the network include each id, location, file list, energy amount during initial generation, current access network and transmission speed. In addition, when a peer is generated, an amount of energy (random value) is allotted to the peer in order to measure the network lifetime. (But the minimum amount is to be 20% of the whole energy.) If one or more peer(s) among 200 peers consume(s) all its (their) energy, the experiment of network lifetime is to be finished. 
Experimental Result
To look into the experimental result, as for the random method, the remaining amount of node battery tends to fall below the minimum value (10%) because this method selects candidate nodes randomly without any consideration for their energy condition, and thus it is found that the average network lifetime proves very short. As for the energy-greedy method, it is found that the network lifetime proves a little longer because a node having the greatest battery amount forms the super node during the initial selection of a node. However, as for the proposed method, the network lifetime is the longest because the download amount and the transmission speed are considered, and it is shown that as nodes become more, it improves by up to 14.32% or more, compared to the energy-greedy method. 
Conclusion
The mobile P2P system is a technology that is recently attracting attention in the streaming service areas such as video conferencing. However, limitations of mobile devices can cause problems with system stability. Particularly, the small and limited capacity of mobile battery is one important factor in the stability of mobile P2P system. In addition, a mobile node frequently changes its access network due to its characteristics of mobility. Therefore, the mobile P2P system should be constructed, taking into account the transmission speed of its own network and the remaining amount of downloading.This paper proposed a routing scheme that considers energy and access network for the construction of a stable and efficient mobile P2P network under the overlay multicast environment. The proposed scheme presented a method for receiving stable services by calculating the amount of streaming data to be downloaded as well as battery capacity.We will carry out research considering the characteristics of diverse access networks and research on error recovery in order to secure the stability of the whole network.
